Liver Liver Cancer 2012;1:226-237

DOI: 10.1159/000343837 © 2012 S. Karger AG, Basel
Cancer Published online: November 26, 2012 2235-1795/0014-0226$38.00/0
www.karger.com/lic

Review

Immunotherapeutic Approaches to
Hepatocellular Carcinoma Treatment

Alexander G. Miamen3P Haidong Dong®< Lewis R. Roberts?

aDivision of Gastroenterology and Hepatology, College of Medicine, P Department of
Immunology, Mayo Graduate and Medical Schools, and ¢Department of Urology,
College of Medicine, Mayo Clinic, Minnesota, USA

Key Words
Hepatocellular Carcinoma - Immunotherapy - Liver Cancer - Liver Tolerance -
Spontaneous Regression

Abstract
Liver cancer, the most common form of which is hepatocellular carcinoma (HCC), is one of the
most deadly cancers worldwide. As of 2008, in men, HCC was the fifth most common cancer
(approximately 450,000 new cases per year) and the second most frequent cause of death
from cancer (around 416,000 deaths per year), whereas in women, it was the seventh most
frequently diagnosed cancer (150,000 new cases per year) and the sixth most frequent cause
of cancer deaths (140,000 deaths per year) [1]. Overall, HCC is the third leading cause of death
from cancer globally [2, 3]. Worldwide, the incidence of HCC in males is more than twice that
in females. The etiology of HCC is diverse; however, approximately 80% of HCCs occur sec-
ondary to chronic infection with hepatitis B virus (HBV) and/or hepatitis C virus (HCV) [4]. The
geographic distribution of HCC is such that the high-incidence regions of Eastern Asia and
sub-Saharan Africa bear a disproportionate HCC burden, amounting to more than 80% of the
global burden [4]. However, even in areas considered low-incidence regions—North America
and Europe—the incidence of HCC is on the rise [4]. In the US, HCC incidence has risen more
than threefold in the past 30 years, and it is now the ninth most frequent cause of death from
cancer. The major reasons for the increased incidence of HCC in the US are the increasing
prevalence of chronic HCV infection, increased immigration from high-incidence countries in
Asia and Africa, and the increase in the number of individuals with cirrhosis due to obesity-
related fatty liver disease. Most HCCs are diagnosed at an advanced stage for which there is
no curative option. Sorafenib, the only agent specifically approved for HCC treatment, is of
limited efficacy in this setting. Therefore, an urgent need for improved HCC therapy exists. In
this review, we discuss the available data on the development and use of immunotherapy for
HCC, with a particular focus on recent results and novel approaches.
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Introduction

The incidence of hepatocellular carcinoma (HCC) continues to increase in the US and
globally [1, 5].In 2008 an estimated 748,300 new cases of liver cancer were diagnosed world-
wide, and the mortality rate of liver cancer closely mirrored the incidence with 695,900
people dying of the disease [1]. This is largely because of the fact that the diagnosis is usually
made at an advanced stage for which there are currently no highly effective treatments. Con-
sequently, the number of deaths from HCC per year is almost identical to the number of new
cases, reflecting a high case fatality rate and emphasizing the pressing need for the develop-
ment of better treatment modalities [1]. In a 2006 population-based analysis in the US, Da-
vila and El-Serag documented overall 1- and 3-year survival rates for US patients with HCC
of only 20% and 5%, respectively, with a median survival of 8 months [6]. Chronic infection
with hepatitis B and/or C virus (HBV, HCV) is the major cause of HCC worldwide. The World
Health Organization (WHO) estimates that as of July 2012, about two billion people world-
wide have been exposed to HBV, and 400 million people have chronic HBV infection (WHO
Fact Sheet number 204). About 150 million people globally are infected with HCV (WHO Fact
Sheet number 164). Chronic HBV and HCV infections progress through stages of increasing
inflammation associated with fibrosis, and eventually result in cirrhosis, which predisposes
individuals to HCC. In addition, HBV integration can predispose individuals to HCC in the
absence of cirrhosis. Considering the extreme latency of HCC (3-4 decades after infection for
HCV) and the previous HCV epidemics that occurred in the US in the 1960s, ‘70s, and ‘80s,
the number of HCC cases with underlying HCV infection is expected to increase. The US Cen-
ters for Disease Control and Prevention estimate an annual incidence of new HCV infections
of 25,000 and note that about 2.7 million Americans are infected with HCV and are at risk
of developing HCC. The etiology of HCC is vast and includes other risk factors in addition to
HCV/HBYV infection. Furthermore, cofactors such as HIV infection and excessive alcohol con-
sumption contribute to HCC pathogenesis. Current treatments for advanced HCC are at best
minimally effective—the oral multikinase inhibitor sorafenib, the recommended therapeutic
agent, extends life by only 3 months compared with placebo [7, 8]. This underlines the need
for novel therapies and has spurred additional investigation of immunotherapy as a treat-
ment strategy for HCC. The case for immunotherapy for HCC is made more clear because of
the well-known phenomenon of spontaneous regression of advanced HCC, which suggests
that enhanced immune activity is capable of inducing tumor clearance (fig. 1) [9].

Harnessing of the immune system is increasingly being investigated as a central com-
ponent of cancer treatment modalities. Cytokine-based tumor vaccines, cell-mediated vac-
cines, monoclonal antibodies, immune adjuvants, and prophylactic immune therapies have
been successfully developed as potential or approved cancer therapies (table 1, see fig. 2).
We argue in this article that the nascent field of HCC immunotherapy may provide pivotal
advantages in the effort to improve HCC therapy. The strategy of adopting an immunocentric
approach to HCC treatment to enhance established treatment modalities may be potentially
more efficacious and less toxic. Two key elements must be appreciated and addressed in this
strategy: (1) the HCC tumor antigen repertoire is both vast and, in many instances, unique
because of mutations and aberrant expression profiles, and (2) reeducation of the host im-
mune system may undermine the liver’s inherent tolerogenicity. Moreover, when evading the
tolerogenicity of the liver, effective immune therapies against HCC must employ extrahepatic
priming of the immune system, such as in the lymph nodes or Peyer’s patches, to facilitate
antigen recognition and the mounting of a successful antitumor response. A multifaceted
approach that employs immunotherapy in combination with other established paradigms in
HCC therapy will, in our view, prove more effective in achieving disease regression and even
cure.
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Before Regression After Regression

Fig. 1. Spontaneous regression of a HCC
with portal vein invasion. A 43-year-old
woman with chronic hepatitis C and cir-
rhosis presented with a 5-cm mass in the
liver (@) with an associated tumor throm-
bus in the main, right, and left portal
veins (b) and an alpha-fetoprotein level
of 1548 ng/mL, consistent with HCC.
Over the next year, the mass and portal
vein tumor thrombus spontaneously re-
gressed and the alpha-fetoprotein level
decreased to 30 ng/mL. Observation over
a 6-year follow-up period revealed no ev-
idence of tumor recurrence (c, d).

Table 1. Current cancer immune therapies

Therapies Indications (Trials) Citations/Studies
Cytolklne-based tumor Hormone-naive prostate cancer (Phase II) 10

vaccines

ProPhylactlc vaccine and. HCC, Colorectal cancer 11-13
antiinflammatory therapies

Cell-mediated vaccines Metastatic melanoma, RCC (Phase II) 14, 15
Antigen-specific vaccines Melanoma (Phase 1), 16,17

Ovarian carcinoma (Phase II)
Monoclonal antibodies Lymphoma, Leukemia 18,19

Metastatic melanoma (Phase II), Basal cell carci-
Immune adjuvants noma (Phase I), 20-23
Cutaneous T-cell lymphoma (Phase I)

RCC =renal cell carcinoma.

The Inherently Immunosuppressive Microenvironment of The Liver
(The Tolerogenic Liver)

The tolerogenicity of the liver to the vast array and constant flux of blood-derived anti-
gens and bacterial molecules from the intestinal microbiota requires a plethora of immune-
regulatory mechanisms in both healthy and diseased states. As the major detoxifying organ
of the body, and because of its constant exposure to gut-derived materials via the portal ve-
nous blood, the liver is constantly capturing and eliminating toxins, pathogens, and harmless
antigens without eliciting an immune response. To prevent a barrage of immune responses,
the molecular architecture of the liver allows for a multipronged approach to immune sur-
veillance. This is readily observed by the liver’s role in portal venous tolerance and oral tol-
erance, the relatively low incidences of liver allograft rejection (minimal need for immune
suppression after transplantation), and the tendency toward long-term microbial infections
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Fig.2. Antigen presentation and immune therapy. (a) General concept of antigen presentation: Profes-
sional APC presenting an acquired antigen to a naive CD4 T cell via the interaction between its pep-
tide-MHC complex and the T-cell receptor (TCR, Signal 1). In the presence of a concomitant interaction
between CD28 and CD8O0 (Signal 2), this will lead to T-cell activation. Signal 3: The characteristic com-
position of the cytokine milieu determines the type of effector CD4 T cell (regulatory T cell, or helper
T cell, etc. ) that will emerge. (b) Antigen presentation as a therapeutic strategy: (1) Selected antigens
(Glypican-3, MAGE-A3, MAGE-A1) are loaded onto ex vivo APCs (e.g., dendritic cells). (2) The APCs are
then delivered systemically. (3) APCs migrate to the lymph nodes, where their cargo antigens are pre-
sented tonaive T cells, and activate them. (4) The activated T cells expand and migrate to the tumor,
inducing tumor clearance. (c) Adoptive cell transfer: TILs or CTLs are isolated from patient specimens.
The isolated cells are expanded by culturing with IL-2. The cells are then assayed for tumor-specific
elimination. Cells with the unique ability to specifically eliminate tumors are expanded and reintro-
duced after lymphodepletion. These cells are capable of migrating to the tumor and have the potential
to eliminate the tumor. (d) Antibody therapy: (1) Naked monoclonal antibodies (MAb) have been de-
signed to specifically bind to receptors or surface molecules that are uniquely expressed by tumor cells
and induce cell death via antibody-dependent cellular cytotoxicity (ADCC) or complement-dependent
cytotoxicity. (2) Immunoconjugate: Antibodies have also been designed to carry payloads that are en-
gineered to induce cell death. (3) Multistep targeting: Antibodies serve as an intermediary between
the tumor cells and the targeting payloads. (e) Viral vectors: (1) recombinant viral vectors can be en-
gineered to induce an immunologic response, and also to express selected tumor-associated antigens
(TAAs). (2) Upon systemic infusion the viral vectors can selectively infect and induce tumor cell death.
(3) The death of these tumor cells results in the release of tumor-specific peptide fragments that are
taken up by APCs (i.e., dendritic cells) and expressed on the cell surface via their MHC. (4) Antigen-
expressing APCs migrate to lymph nodes where they are exposed to and educate T and B lymphocytes.
Educated T cells from the lymph nodes expand and home to the tumor where tumor cell lysis is induced.

Lymph Node

and tumor metastasis in the liver [24]. Liver allografts have also been reported to have an
immunoprotective effect on simultaneously transplanted kidneys [25].

The liver’s pathway to immune tolerance is multifaceted (see fig. 3a-e). Structurally, the
liver is made up of repetitive functional units called hepatic lobules that are perfused by vas-

Color version available online
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Fig.3. Pathways to immune-suppression within the liver: The liver is recognized as being “immune privi-
leged.” Numerous hepatic antigen presenting cells orchestrate this immune evasion. (a) Induced T cell
tolerance within the liver microenvironment via interaction between hepatic dendritic cells (hDCs) ex-
pressing the inhibitory ligand PD-L1 (b) Tolerization or neutralization of naive lymphocytes occurs by
the concomitant engagement of the PD-1 receptor and its ligand PD-L1 during initial antigen presentation
via the MHC complex. (c) Aberrant expression of the MHC complex by hepatocytes in the diseased liver
and the subsequent interaction of the MHC complex with the TCR, in the absence of the co-receptor CD80
and its ligand CD28, leads to T-cell anergy. (d) Expression of inhibitory molecules by liver sinusoidal en-
dothelial cells (LSECs) results in the inhibition of CTLs. (e) Expression of the PD-L1 inhibitory molecule
by hepatic stellate cells (HSCs) and their subsequent physical interaction with CTLs - via an unknown
receptor - leads to loss of CTL function and CTL apoptosis.

cular supply structures referred to as sinusoidal vessels. These well-characterized networks
of sinusoids allow for the mixing of portal venous and arterial blood in the liver before the
blood flows into the metabolic units, the hepatocytes. Hepatocytes are shielded from direct
interaction with the bloodstream by nonparenchymal liver cells: liver sinusoidal endothelial
cells (LSECs) and stellate cells located in the space of Dissé. The liver also comprises other
nonparenchymal cells including dendritic cells located predominantly in the periportal and
pericentral area, Kupffer cells (resident macrophages found in the sinusoidal lumen), natu-
ral Killer cells, natural killer T cells, and a loosely distributed population of liver-associated
lymphocytes. Distinct hepatic regulatory pathways allow for the establishment of tolerance to
innocuous antigens while enabling immunity to pathogens. The innate immune functions of
nonparenchymal cells serve as a protective barrier between the hepatocytes and pathogens.
Hepatocytes and other nonparenchymal cells serve a regulatory immune role by acting as
local antigen-presenting cells (APCs) in well-defined anatomical niches. For instance, our own
mRNA array analyses as well as reports by other researchers have shown that compared with
benign adjacent tissues, major histocompatibility complex class (MHC) II is one of the most
highly expressed genes in HCC tumors. The fact that diseased hepatocytes aberrantly express
MHC class II molecules that interact with naive T cells in the liver attests to the uniqueness
and tolerogenicity of this organ [26, 27]. In normal liver physiology, after a liver insult, the
MHC class [I-expressing hepatocytes may engage naive T cells in the liver microenvironment;

Color version available online
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however, because of the absence of suitable coactivator interactions, hepatocytes expressing
MHC Il molecules render naive T cells in the liver anergic (see fig. 3c). This may be one mech-
anism by which HCCs evade the endogenous immune response. The liver is also composed
of resident lymphocytes—natural killer cells, natural killer T cells, and classical T cells such
as CD4+ T cells and CD8+ T cells—that may be rendered anergic during the initial progres-
sion of HCC [27]. Moreover, the interaction of cytotoxic T lymphocytes (CTLs) that may have
migrated into the liver environment with MHC class Il-expressing hepatocytes may induce
apoptosis of the CTLs. To break this inherent tolerance and eliminate cancer cells, means of
abating the tolerogenic characteristics of hepatic APCs need to be explored. As HCC origi-
nates and progresses within the hepatic parenchyma, a tolerogenic hepatic microenviron-
ment that is incapable of adequately supporting effector lymphocyte function will need to be
modified by adjuvant immunotherapeutics which enhance effector lymphocyte function, in
order to limit and suppress tumor progression. In addition, T cells could be engineered to be
resistant to the inhibitory effects of the tolerogenic hepatic microenvironment—this would
greatly enhance intrahepatic effector T-cell function. Moreover, future immunotherapeutic
strategies could include extrahepatic antigen presentation and lymphocyte priming, as well
as liver-specific depletion of regulatory T cells.

Considering the Etiology of HCC to Design Effective Imnmunotherapeutics

There are numerous etiological factors that influence the incidence of HCC. This diverse
etiology leads to unique geography-, race-, age- and gender-based manifestations of HCC.
The vast majority of HCC cases have cirrhosis as the major risk factor (80-90% of patients
with HCC) [4]. Chronic HBV and HCV infections and chronic alcohol exposure are the major
promoters of cirrhosis [28]. Other risk factors for HCC include obesity, diabetes, steatohepa-
titis, smoking, and other causes of chronic liver disease. The cirrhotic liver is characterized
by exhaustion of the liver’s inherent regenerative propensity. The inflammed cirrhotic liver
contains hepatocytes undergoing senescence within a genotoxic environment that high in
reactive oxygen species and is conducive to the development of cancer. Within this geno-
toxic environment of inflammation and fibrogenesis, a proportion of hepatocytes become
immortalized and primed for carcinogenesis. Liver cirrhosis is therefore crucial to the mor-
bidity and mortality associated with HCC. The majority of HCC patients with HBV and HCV
infection have cirrhosis secondary to chronic necroinflammation. This suggests a distinctive
interaction with the host immune system that must be considered when designing effec-
tive immunotherapeutics. These viruses may also induce unique immunological fingerprints
that must be factored into the design of any immune therapy regimen.

To develop effective immunotherapeutics, both the occurrence and extent of cirrhosis
should be ascertained. Knowledge of HCC patient demographics, better understanding of the
mechanisms underlying various HCC etiologies, and a fuller elucidation of the ensuing inter-
play between the specific liver microenvironment and the host immune system will lead to
the development of better immunotherapeutic treatment modalities.

Immunotherapeutic Strategies with Potential Utility in HCC Therapy

The discipline of tumor immunotherapy is emerging as a viable weapon in the clinician’s
arsenal in the “war against cancer.” An effective immunotherapeutic modality must take ad-
vantage of the following considerations in order to mount an effective immune response
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againstatumor. First, tumors express antigens—mutantantigens and /or aberrantly expressed
antigens—that are recognizable by the adaptive immune system. To exploit the unique anti-
genic profiles of cancer cells, tumor-associated antigens have been targeted through the isola-
tion of antigen-specific human monoclonal antibodies or the design of humanized or chimeric
monoclonal antibodies. Of these, tumor-targeted antibodies such as trastuzumab (Herceptin)
for breast cancer therapy, rituximab (Rituxan) for lymphoma treatment, cetuximab (Erbitux)
for metastatic colorectal cancer and advanced head and neck cancer, and bevacizumab (Avas-
tin) for metastatic colorectal cancers and lung cancer have proven effective and are currently
part of many established treatment modalities.

One tumor-associated antigen that has been identified and targeted for HCC immuno-
therapy is the membrane-bound heparan sulfate proteoglycan glypican-3 (GPC3). GPC3 is a
carcinoembryonic antigen. It is uniquely overexpressed in HCC tumors in 70-81% of HCC pa-
tients, and patients with GPC3-positive HCCs have been shown to have markedly lower 5-year
survival rates compared with patients with GPC3-negative HCCs. GPC3 is thus linked to a poor
prognosis [29, 30]. The feasibility of GPC3 targeting for antibody or cell-based immunother-
apy has been investigated in a number of studies. Regarding its use as a target for antibody
therapies, data from Ishiguro et al. suggest that treatment with a humanized GPC3 antibody
enhances the susceptibility of HCC to chemotherapy [31]. In preclinical studies, the combina-
tion of a humanized monoclonal antibody against GPC3 (hGC33) and sorafenib was proven to
be more effective in inhibiting tumor progression than sorafenib alone. Phase I and phase II
clinical trials of hGC33 for HCC are currently underway. The first trial is a monotherapeutic
Phase II trial of hGC33 in patients with advanced or metastatic HCC (http://clinicaltrials.gov/
ct2/show/NCT01507168). The second is a Phase I trial that aims to further elucidate the
therapeutic benefit of combination therapy with hGC33 and sorafenib (http://clinicaltrials.
gov/ct2/show/NCT00976170). Despite these initial investigations into the therapeutic ben-
efits of anti-GPC3 antibodies, there remains a need to identify additional clinically targetable
antigens, and much effort has been expended to identify and characterize HCC tumor antigens
such as the “cancer/testis” antigens, which have been reported to have a unique expression
profile in HCC tumors compared with adjacent liver tissues: MAGE-A1 is overexpressed in
about 65% of HCCs, MAGE-A3 in about 70% of HCCs, and NY-ESO-1 in approximately 45%
of HCCs [32]. However, more research needs to be conducted. Some of the questions that re-
main to be elucidated are as follows. (1) Which antigens are uniquely expressed by HCC, or
are more immunogenic and could be exploited as targets for antibody therapy? (2) Is there
an immunological distinction between HCC tumor antigens that are expressed intracellularly,
on the cell surface, or secreted? (3) What are the HLA expression profile changes during HCC
progression that would facilitate a more targeted immunotherapeutic approach? A better un-
derstanding of the antigenic profile of HCC would enable a more refined immunotherapeutic
approach that could aid in the strategy of adoptive transfer of tumor-infiltrating lymphocytes
(TILs) and the ex vivo priming of patient lymphocytes.

Emerging Strategies for Inmune Checkpoint Blockade and Their Potential
Relevance to HCC Therapy

Emerging evidence supports the contention that the tumor microenvironment provides
protective niches that promote cancer cell evasion of an effective immune response [33]. The
complex interactions among tumor cells, stromal cells (fibroblasts, regulatory immune cells,
endothelial cells, and pericytes), soluble factors (transforming growth factor (3, interleukin-10,
and Fas), and membrane-attached molecules may favor tumor escape from the immune re-
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sponse [34]. Any successful host immune response against a tumor requires effective CTL
activity. This, however, requires a well-orchestrated balance between positive and negative
signals emanating from numerous T-cell coregulatory ligands and receptors.

Overexpression of immune inhibitory molecules in the tumor milieu has been associ-
ated with a negative prognosis [35, 36]. Overexpression of PD-L1 (also known as B7-H1
or CD274), which was originally described by Dong and colleagues and is one of the three
members of the B7 family of T-cell costimulatory molecules [37], has been correlated with
tumor aggressiveness and a poor prognosis [38, 39]. PD-1, a PD-L1 receptor, is expressed by
stimulated B cells, T cells, and myeloid cells. The expression profile of PD-L1 is varied and
includes dendritic cells, macrophages, T cells, B cells, and nonimmune cells. PD-L1 ligation
of PD-1 is an immunosuppressive mechanism that has been usurped by tumor cells to evade
immune surveillance (see figs. 3a, 3b). These findings have led to the suggestion that the PD-
L1 expression profile can be utilized as a tumor biomarker, and that therapeutic blockade
of PD-L1 in the subset of patients who overexpress PD-L1 may be a viable immune thera-
peutic strategy. It has also been postulated that abrogation of the PD-L1 interaction may
lead to enhanced clearance of HCV and HBV. This therapeutic strategy against PD-L1 could
suppress both de novo tumorigenesis and HCC recurrence [40, 41]. The viability of this po-
tential therapeutic approach is supported by findings from a trial of a PD-1-specific antibody
(BMS-936558) in a population that included 296 patients with advanced solid tumors: treat-
ment with the anti-PD-1 antibody resulted in objective responses in numerous solid tumors,
including non-small cell lung cancer, melanoma, and renal cell cancer [42].

The therapeutic value of blocking the inhibitory signals emanating from the tumor mi-
croenvironment was first exploited by developing antibodies designed to block cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4). CTLA-4 expression is restricted to CD8+ ef-
fector T cells and regulatory CD4+ T cells, and its stimulation regulates the initial amplitude
of T-cell activation. CTLA-4 shares the ligands B7.1/CD80 and B7.2/CD86 with the T-cell co-
stimulatory receptor CD28. B7.1/CD80 and B7.2/CD86 are frequently aberrantly expressed
by tumors and other cells in the tumor microenvironment. Engagement of CTLA4 diminishes
T-cell activation by sequestering the CD28 ligands. Anti-CTLA4 immunotherapy therefore
enhances regulatory T-cell function. Ipilimumab, an anti-CTLA4 antibody, has been shown
to extend survival of patients with metastatic melanoma, and has been approved by the US
Food and Drug Administration for the treatment of advanced metastatic melanoma. How-
ever, there remains a need for further exploration of the molecular markers that predict a
better therapeutic outcome in this as well as other patient populations [43]. Such therapeu-
tic approaches seek to reconstitute the host immune response; they could prove extremely
effective when used in combination with other treatment modalities.

Adoptive Cell Transfer(ACT) as a Therapeutic Strategy and Its Possible
Application in HCC Immunotherapy

The adoptive transfer of autologous TILs and/or donor lymphocytes after allogeneic
bone marrow or hematopoietic stem cell transplantation has been shown to be effective in
the treatment of a number of solid tumors, including metastatic melanoma, neuroblastoma,
and renal cell carcinoma [32, 44]. The best results have been achieved in studies employ-
ing ACT in combination with other chemotherapeutics or radiotherapeutics [32, 45]. ACT is
based on the premise that lymphocytes that have successfully traversed through the tumor
microenvironment have a unique ability to recognize the tumor and “home” back to it, and
that this propensity can be harnessed by isolating, expanding, and reinfusing a large vol-
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ume of such cells. First, TILs are extracted from the patient’s resected tumor or from blood,
and they are assessed for antitumor activity. Cells that possess antitumor activity are subse-
quently expanded and then infused into the patient after lymphodepletion, allowing them to
preferentially home to the tumor and exert their antitumor activity. In an alternate strategy;,
cells can also be isolated from a suitable donor and subsequently engineered to recognize and
eliminate tumor cells.

Current state-of-the-art ACT therapies utilize genetically engineered T-cell receptors with
potent antitumor activity. Besides the benefit provided by infusion of a high number of tumor-
specific T cells, an additional advantage of ACT therapy compared with other immunothera-
peutic approaches is that the ex vivo activation of these cells avoids the immunosuppressive
influence of the tumor microenvironment. When employed synergistically with therapies that
eliminate immune suppressor cells such as regulatory T cells, the potency of ACT has been
demonstrated to be superior to that of other treatment modalities [46]. ACT immunotherapy
for metastatic melanoma treatment has achieved a complete response rate of up to 21.5%,
which is superior to that of other approved therapeutics; for example, the chemotherapeu-
tic agent decarbazine induces a 2.7% complete response rate [32]. In another study, 13% of
metastatic melanoma patients who underwent ACT therapy after a nonmyeloablative lym-
phodepleting pretreatment experienced complete durable regression beyond 5 years [32].
ACT therapy combined with radiation therapy achieved complete tumor regression in 22% of
previously heavily treated metastatic melanoma patients, in conjunction with an objective re-
sponse rate of 52-72% depending on the dose of radiation therapy [45, 46]. These and other
findings argue for the consideration of the development of ACT therapy for HCC treatment.

Therapeutic Vaccines and HCC Immunotherapy

The therapeutic vaccine approach to cancer immunotherapy, while intellectually appeal-
ing, has not been as successful as initially envisioned. The main challenge in advancing thera-
peutic cancer vaccines has been the development of an immune response against self because
cancer cells arise from autologous cells. One approach to cancer vaccine therapy has been to
utilize oncolytic viruses engineered to successfully lyse cancer cells and induce an antitumor
immune response. While this approach has had mediocre results in the past, emerging re-
search utilizing tumor-associated antigens expressed in a virus vector to immunize the host
have been very successful.

The principles of therapeutic cancer vaccines are being elucidated in preclinical studies.
Work by Dr. Richard Vile’s group, among others, has furthered our molecular understand-
ing of the design of an effective therapeutic cancer vaccine. Utilizing an immunogenic viral
vector based on a vesicular stomatitis virus expressing a complete cDNA library construct-
ed using RNA from normal tissues, Dr. Vile’s group were able to induce tumor clearance in
mouse models upon immunization [47]. While this approach needs to be further investigated
and concerns about the risk of inducing autoimmunity should be addressed, this approach is
promising. The antigenic repertoire that will elicit the most effective immunogenic response
remains to be elucidated, and this will be crucial for the development of human therapies.
As of 2012, there are over 300 clinical vaccine trials registered with NIH (ClinicalTrials.gov).
Many of these trial modalities are being tested with other approved treatment protocols. Vac-
cines developed with mutated KRAS and administered in combination with gemcitabine for
pancreatic cancer treatment led to a documented increase in median survival after R1 resec-
tion [48]. The expression of antigens that are uniquely or aberrantly expressed by tumor cells
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or the tumor microenvironment in viral vectors could therefore serve as a natural means of
“rebooting” a patient’s immune system.

Finally, recent immunotherapeutic strategies that seek to boost the immune system and
specifically induce local inflammation by the infusion of cytokines, interferons and interleu-
kins, have been successful [49, 50]. The premise of this approach is the use of cytokines as
adjuvants. As a proof of principle, Kloess et al. investigated the cytotoxicity of donor-derived
natural killer (dNK) cells from patients with stage IV neuroblastoma and reported that dNK
cells that were cultured ex vivo in IL-2 had a more aggressive cytotoxic phenotype [51]. A
phase I/1II trial utilizing haploidentical stem cell transplantation in combination with the
infusion of IL-2-activated allogeneic dNK cells is currently underway in high-risk stage IV
neuroblastoma patients. The utilization of cytokines as adjuvants to established HCC treat-
ment protocols could prove productive.

Concluding Remarks

HCC is an increasing cause of cancer-related mortality in the US, and the incidence of
HCC is projected to increase in the years to come [52]. Current therapy for advanced HCC
is grossly inadequate and as such further investigation into novel therapeutic approach-
es is necessary. The development of more animal models that closely reflect the different
HCC subtypes would prove invaluable. The phenomenon of spontaneous HCC regression is
well documented and current therapies, including the antiangiogenic multikinase inhibitor
sorafenib and hepatic arterial chemoembolization, may contribute to disease stabilization
in part through the induction of antitumor immune responses. Such therapeutic approach-
es take advantage of the strong association between tumor hypoxia and spontaneous HCC
regression. However, another observation that has been documented in spontaneous HCC
regression, namely systemic inflammation, remains to be effectively exploited. Combination
therapeutic modalities that exploit both potential mechanisms may prove more efficacious.
In order to develop an immunocentric therapeutic approach, further studies of the natural
tolerogenicity of the liver are needed to help design immune therapies that can neutralize
inhibitory molecules and mechanisms within the liver. The addition of anti-PD-L1, anti-
PD-1, and anti-CTLA4 to current and future therapeutic modalities may enhance outcomes
in HCC. Because lymphocytes must receive adequate costimulation from the tumor itself or
from professional APCs that present tumor antigens in order to elicit an effective immune
response, mechanisms that enhance antigen presentation in peripheral lymph nodes may
also potentially be of value, perhaps through the use of systemic delivery of antigen-based
therapies. Finally, it is critical to understand the role of the tumor environment in tumor im-
mune escape from surveillance and to develop strategies to counteract this phenomenon.
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